Abstract. The popularity of Terrestrial Laser Scanners (TLS) to capture three dimensional (3D) objects has been used widely for various applications. Development in 3D models has also led people to visualize the environment in 3D. Visualization of objects in a city environment in 3D can be useful for many applications. However, different applications require different kind of 3D models. Since a building is an important object, CityGML has defined a standard for 3D building models at four different levels of detail (LOD). In this research, the advantages of TLS for capturing buildings and the modelling process of the point cloud can be explored. TLS will be used to capture all the building details to generate multi-LOD. This task, in previous works, involves usually the integration of several sensors. However, in this research, point cloud from TLS will be processed to generate the LOD3 model. LOD2 and LOD1 will then be generalized from the resulting LOD3 model. Result from this research is a guiding process to generate the multi-LOD of 3D building starting from LOD3 using TLS. Lastly, the visualization for multi-LOD model will also be shown.
Introduction
In the last 10 years, term '3D city model', has become more popular. 3D city model integrates a large number of spatial objects in different classes and different data models and structures. In order to fulfil the requirement for efficient visualization of 3D city model, the new Open Geospatial Consortium (OGC) created CityGML defining 3D city model in five different level-of-details (LOD).
Generating 3D model of building, especially for different LODs (multi-LOD), is an interest topic in surveying. In recent years, huge progress has been made in terms of accuracy and speed in order to obtain and render 3D models of buildings. On the other hand, studies on Terrestrial Laser Scanner (TLS) application as a 3D measurement tools are still increasingly performed. This tool has been established as a new measurement method for fast, area-wide 3D-surveying [1] . It is easy to use TLS, even for a non-expert, though the data processing to generate the model may take a long time. Thus, further research on the process of generating multi-LOD of building model using TLS is required. 4 To whom any correspondence should be addressed. 
Terrestrial laser scanner for generating multi-LODs of 3D building model
Three dimension (3D) modelling for building requires a data acquisition which captures a building as 3D object. Beside data capture and 3D modelling process, generalization is one of the processes described in this paper. An approach for generating multi-LODs of building model consist of data capturing using TLS, point cloud processing, and 3D modelling of high level detailed model. To generate the lowered detail of building model, the generalization process of point cloud is conducted for generating lowered detail point cloud.
Scanning building using TLS
Previous works using TLS for building modelling were described in [2] and [3] although they still integrate TLS with other method such as close range photogrammetry. Using TLS, scanning process for generating the point cloud of building is the first step. The system inside TLS is described in [4] . It is grouped into some categories. Usually, time-of-flight (TOF) and phase difference are used for capturing large object like building. Meanwhile, other TLS system such as triangulation is used for close-range scanning. Scanning process resulting million points called point cloud. Generally, every point in the point clouds was referenced to the local coordinate system with the laser as the origin [5] . Registration process is required to combine point clouds from different scan positions. The process basically is a 3D Helmert transformation without the scale factors. 
3D Modelling from point cloud data
Computer-Aided Design (CAD) is the common tool for representation of 3D model. It is usually used for visualization of geometric aspects in 3D model. In the field of 3D City Modelling, there are three categories of approaches that are usually used for reconstructing building model [6] . These are reconstruction based on DSM simplification, segmentation of point cloud, and parametric shapes. Usually, point cloud data from TLS will be processed using segmentation.
This process of segmentation groups points into segments, based on their relationship such as corresponding surface and normal direction. Elaboration about segmentation of point cloud can be referred to [7] . Figure 2 .2 shows the different between point cloud before and after segmentation process. Related work using 3D Hough transform for auto-detecting and segmentation roof faces shows that this approach is suitable for reconstructing simple building with flat or gable roofs but fails on more detailed larger building [8] . 
Multi-lod for 3d model of building
Representing 3D city models in multi-LOD open the possibility of multi-scale visualization. It leads to an efficient visualization of 3D city models since different applications might require different scale of model. Standards are already created in order to store, manage, and integrate 3D models from different sources and scales correctly. CityGML, VDI 3805, and Industrial Foundation Class (IFC) are the examples of the standard [9] . However, for 3D city modelling, CityGML is the common standard used for representing object both in large scale model and detailed model since the model can be ordered by its LODs. Other standards used to represent multi-scales models such as VDI 3805 and IFC models are designed for more detailed level.
CityGML is an open data model for storage and exchange of 3D city models [9] . It provides a method for storing and managing both geometric and semantic information of 3D model. Through CityGML, building model is represented in 5 LODs, start from LOD0 to LOD4. It is proposed to decrease the complexity of 3D models. Higher LOD shows more detailed and accurate model as shown in Figure 2 .3. As for the detail of standards for each LOD are described in Table 2 Several simplification methods have been proposed to obtain lower LODs from higher LODs automatically. From previous works, LOD1 and LOD2 of building model can be generated gradually using semi-automatic method from LOD3. Basically, in deriving the building surface, the entire opening object in building exterior like windows and doors must be removed [11] . This concept is applied for generating LOD2 from LOD3. The process of generalization from LOD2 to LOD1 is almost the same with the generalization from LOD3 to LOD2. However, in LOD1, roof structure is represented as a flat roof. The different structural entities of a building are aggregated to simple blocks and not differentiated in detail. Entire building installations will be eliminated. Afterward, the footstep of the outer building surface will be generalized.
Methodology
Working flow is divided into scanning, 3D modelling, and generalization, as can be seen in Figure 3 Previous works used footprint from LiDAR data to generate building in LOD1 and used photogrammetry to generate LOD3 and LOD2. However, in this research, TLS is used to generate model in LOD1, LOD2, and LOD3.
The scanning process is following the suggestion of [5] and [4] . Point clouds resulted from the scanning process are in the high density quality. This point cloud is detail enough to generate a building model in LOD3. Afterwards the point cloud is generalized using segmentation method. This method is to reduce the point cloud to be ready for generating a building model in LOD2. The same method of generalization is repeated to reduce point cloud for generating LOD1. To reconstruct the building using the point cloud, it is using the detail requirement specified in the Table 2.1. Method for reconstructing point cloud into surface model of building is using digitations of point cloud.
Implementation
Data collection was conducted using TOF TLS, Leica C10. The TLS was used to scan a building inside UTM Campus area. The building is a student resident. During 4 hours, the TLS was capable to scan the whole building from five scan positions. Scan stations were placed around the building with the distance around 10-20 meters from the building surface. In every scan station, it took around 30 minutes to scan and get the panoramic photo with medium resolution. Although the scanning process only took 30 minutes, as the scanner was levelled in each scan stations, it took another 10 minutes for mobilization from one scan station to another and set up the scanner. In every scan station, the overlap area from one scan station to another was also maintained over than 50% in order to get better accuracy, following the suggestion from [5] . Point cloud processing was done using Cyclone software from Leica. Point clouds from all scan stations were registered and filtered resulting point cloud as shown in Figure 4 .3. Manual registration or point-to-point registration was done since the special target was not automatically detected by the software. Using this method, registration can only be done by peering 2 scan stations only. From the experience, the result from the registration process had 0.003 error value in Cyclone. According to manual for Cyclone's user, this value is considered as acceptable. Detailed point cloud was used to generate a building model in LOD3. Modelling process was conducted in Sketch Up. Before the modelling process, the point cloud first was reduced in Cyclone to by eliminating opening such as window and doors for generating LOD2. Figure 4 .4 shows the reduced point cloud in Sketch Up. The reduced point cloud were further reduced and generalized in order to model the building in LOD1.
Results from this preliminary result were the LOD1, and 2 of 3D building models using manual 3D modelling, shown in Figure 4 .5. In LOD1, the building model was represented in a block model. The height is following the highest wall of building and the width is following the footprint of point cloud. In LOD2, the real structure of building was represented, including the roof. However, a more detailed model was represented in LOD3 where windows and doors were also included. 
Conclusion
The use of TLS for 3D city model application is possible. It can be used for generating multi-LOD of building model. The aim of the research to apply this instrument for generating multi-LOD can be achieved. Resulted point cloud is detail enough to capture details on building facade. Although the data acquisition using this method only takes several hours, data processing using this method still significant effort, especially to convert point cloud into 3D model. According to this experiment, working hours in the field and laboratory using TLS was 1:4 to create the 3D model of building in multi-LOD. 3D building models resulted from this experiment can be used for 3D city model application since the models are already constructed following the requirement defined by CityGML. Since the generalization of point cloud process was done using manual reduce in cyclone, further research should develop method to do point cloud generalization using auto or semi-auto segmentation and generalization.
However, from this experiment, scanning of building was only conducted for exterior of building. Thus, only LOD 1, LOD 2, and LOD 3 are generated. For further research will be useful if the scanning process can also covers the interior of building to generate LOD 4.
